ABSTRACT Poultry researchers seek general and native lines of birds for capon production. The primary aim is to find high-quality meat with valuable sensory attributes. Castration decreases androgen levels and changes lipid metabolism, resulting in the accumulation of abdominal, subcutaneous, and intramuscular fat, which changes the flavor, texture, and tenderness of the meat. Histological analysis of selected skeletal muscles from Leghorn capons and cockerels was the main aim of the present study, along with examination of lipid localization in muscle tissue. We also assessed fiber type and diameter in the pectoral muscles (pectoralis major). The experiment was performed on 200 Leghorn cockerels; testes were removed at 8 wk of age. At 12, 16, 20, 24, and 28 wk of age, 6 cockerels and 6 capons were slaughtered, and samples from the pectoral and thigh muscles were evaluated. Differences in the focal necrosis of the fibers with infiltration of lymphoid cells (P < 0.05) were observed in thigh muscles, with higher numbers in cockerels than in capons. All examined locations in the pectoral and thigh muscles of capons (around the blood vessels, in the perimysium, in the endomysium, and in the sarcoplasm) showed higher concentrations of lipids compared to levels in cockerels. The analysis of fiber type in pectoralis major muscles revealed that all fibers were type IIB. The diameters of the fibers of the pectoral muscles were different (P < 0.05) at 28 wk of age, and the diameters of the giant fibers were different (P < 0.05) at 16 wk of age. The high concentration of lipids in the skeletal muscles of Leghorn capons is remarkable. Thus, ethical reasons as well as economic reasons should be considered when one-day-old cockerels are eliminated.
INTRODUCTION
Research concerning the caponization of birds is of interest to poultry researchers around the world. The main aim of this research is to establish general and native breeds/lines of birds that can be used in capon production. Due to ethical reasons and local restrictions, two methods of caponization are used-chemical and surgical (Rahman et al., 2004; Sirri et al., 2009; Chen et al., 2010) . Castration decreases androgen levels and changes lipid metabolism, resulting in the accumulation of abdominal, subcutaneous, and intramuscular fat, which results in high-quality meat due to changes in flavor, texture, and tenderness (Amorin et al., 2016) .
Earlier studies concerning capon production mostly describe carcass contents, including fat accumula-C 2018 Poultry Science Association Inc. Received May 25, 2018 . Accepted September 5, 2018 Corresponding author: michal.gesek@uwm.edu.pl tion (Chen et al., 2005) , as well as chemical analysis of the meat (Sirri et al., 2009 ) and intramuscular fat content (Symeon et al., 2010; Sinanoglou et al., 2011) . Changes in fiber morphology have also been evaluated. Differences in fiber diameter associated with androgen deficiency have been established between capons and cockerels in Taiwan country chickens (Lin and Hsu, 2002) and Greenleg Partridges (Calik et al., 2015; Gesek et al., 2017) over different fattening periods, similar to determining whether caponization changes muscle fiber types . The latter study included determining histopathological changes in pectoral and thigh muscles in cockerels and capons at different times after caponization . It also analyzed the localization and accumulation of lipids in pectoral and thigh muscles in Greenleg Partridge capons and cockerels .
Capon production is not widely popular, and mostly native bird breeds have been caponized, such as Castellana Negra chickens (Miguel et al., 2008) , Taiwan country chickens (Chen et al., 2006) , Nara chickens (Rahman et al., 2004) , Extremena Azul chickens (Duran, 2004) , Poland Greenleg Partridges, Yellow-leg Partridges, and Rhode Island Red, Sussex, and Barred Rock chickens (Calik, 2014; Calik et al., 2015; Kwiecień et al., 2015; Adamski et al., 2016) . While the most efficient bird line for capon production is sought, the limitation of capon meat on the market should also be considered. Why possible high-quality capon meat not yet available worldwide?
The majority of day-old male layer-type chicks are euthanized. Today, poultry producers are not interested in using layer-type cockerels in meat production (Murawska et al., 2005; Murawska and Bochno, 2007; Bruijnis et al., 2015) . For ethical and economic reasons, it is important to determine whether unwanted cockerels in a layer's hatching brood can be used in the production of capon meat. This issue should also be of interest to poultry scientists.
Thus, the aim of the present study was to analyze the occurrence of histopathological lesions in skeletal muscles from Leghorn (a layer-type chicken) capons and cockerels and to analyze lipid accumulation and concentration and fiber type and diameter in pectoral muscles.
MATERIALS AND METHODS

Experimental Birds
Two hundred one-day-old Leghorn cockerels were used in this experiment. The birds were fed commercial diets ad libitum, and the feed composition was the same as that presented in our earlier studies . At 8 wk of age, the birds were randomly divided into a control group (100 uncastrated cockerels) and a second group consisting of 100 castrated birds. Castrations were performed by a qualified veterinarian in accordance with Commission Regulation (EC) No. 543/2008, and the entire experiment was approved by the Local Ethics Committee in Olsztyn (Poland). The testes were removed under general anesthesia (0.2 ml Bioketan i.m., Vetoquinol, Gorzow Wielkopolski, Poland) by making an incision between the last 2 ribs on both sides. The experiment lasted until the birds were 28 wk of age. At 12, 16, 20, 24 and 28 wk of age, 6 cockerels and 6 capons were slaughtered (electrical stunning followed by cutting the jugular vein). Capons lacking fully removed testes (slips) were eliminated from the experiment.
Histopathology, Histochemistry, and Morphometry
Sample pectoral (pectoralis major) and thigh (musculus semimembranosus) muscles from 6 cockerels and 6 capons at each slaughter age were fixed in 10% neutralized formalin and embedded in paraffin blocks. Muscle sections (5 μm) were stained with hematoxylin and eosin, as well as Mallory's trichrome (Bio-Optica, Milano, Italy), to detect connective tissue. Additionally, the pectoral and thigh muscles were submerged in a 30% saccharose solution with sodium azide and frozen tissue. The frozen tissue was sectioned at a thickness of 8 μm and stained with Oil Red O (Bio-Optica, Milano, Italy) to detect lipids. Fiber typing of the muscles was accomplished using an ATPase staining kit (BioOptica, Italy) with frozen sections (preincubated at pH 4.7). Each section was imaged using a Panoramic Scanner MIDI 3DHISTECH (3DHISTECH, Budapest, Hungary). Panoramic Viewer software (3DHISTECH, Budapest, Hungary) was used to measure fiber diameter (minimum of 100 fibers in each muscle section). Lipid concentration was evaluated using a three-point scale: (+) low lipid content; (++) moderate lipid content; and (+++) high lipid content (Gesek et al., unpublished data) .
Statistical Analyses
The diameter of the muscle fibers was evaluated using two-way and one-way analysis of variance, testing the effects of age and "sex category". Statistical analysis included the determination of values for the analyzed traits (arithmetic means and ±SD) and the identification of differences in mean values between age groups by Duncan's D test. The research hypothesis was assessed with regard to histopathological changes by a chi-squared test (significant at P ≤ 0.05). The data were analyzed using Statistica 9.0 software (StatSoft 2009).
RESULTS
The histological evaluation of the pectoral and thigh muscles from Leghorn capons and cockerels after caponization is given in Table 1 . Segmental defragmentation of the fibers, loss of cross striations, hyperplasia of smooth muscles in the arteries, accumulation of adipose tissue, and infiltration of lymphoid cells between fibers were detected frequently in both capons and cockerels, and in different age groups. Interestingly, similar degrees of connective tissue proliferation around vessels occurred in capons and cockerels. A greater degree of focal necrosis with infiltration of lymphoid cells was diagnosed in cockerels than in capons. Thirteen cases of fibromuscular dysplasia (FMD) were noted, mostly in thigh muscle arteries (Table 1) . Our observations did not show any correlation between time after caponization and the number of diagnosed lesions. The total number of detected lesions was higher in the thigh muscles than in the pectoral muscles in both groups. Statistical analysis showed differences in the focal necrosis of fibers with infiltration of lymphoid cells (P < 0.05) in thigh muscles between sex groups, with a higher number in cockerels than in capons. No other statistically differences were found in the quantity of histopathological changes between the pectoral and thigh muscles of cockerels and capons. Mallory's trichrome staining confirmed the proliferation of connective tissue around the vessels, and we did not find proliferating connective tissue within the muscular fibers. The localization of adipose tissue in muscles at different times during the fattening period is given in Table 2 . In the area of thigh muscle vessels (Figure 1 ), the adipose tissue accumulation intensity was similar in capons and cockerels. A higher accumulation of adipose tissue was observed in capon thigh muscles than in cockerel thigh muscles in the perimysium between the fascicles (Figure 2 ), in the endomysium between fibers (Figure 2) , and in the sarcoplasm of the fibers (Figure 3 ) at all time points. Around vessels in the pectoral muscles (Figure 4 ), the accumulation of adipose tissue was equal at all time points, and only at the 28th wk, a higher accumulation was noted in capons (Table 2 ). In general, lipid accumulation was higher in thigh muscles than in pectoral muscles in both groups ( Table 2) . Analysis of muscle fiber types revealed that Leghorn pectoralis major muscle fibers were all type IIB, similar in cockerels and capons. The diameters of fibers and giant fibers in pectoral muscles are listed in Table  3 . During the fattening period, pectoral fiber diameter continued to increase in both capons and cockerels (P < 0.000). The influence of caponization on pectoral fiber diameter was examined (P = 0.003), and a smaller fiber diameter was found in capons, but differences were noted at the 28th wk (interaction, P = 0.036; Table 3 ). When giant fiber diameters were evaluated, differences were found between age groups in both capons and cockerels (P < 0.000; Table 3 ). We did not observed any influence of caponization on giant fiber diameter (P = 0.060), but at the 16th wk, differences were found between capons and cockerels (interaction, P = 0.043; Table 3 ), with higher values in cockerels.
DISCUSSION
The main question addressed in the present paper is whether unwanted cockerels in a layer's hatching brood can be used in the production of capon meat. One of the ways to answer this question is through histopathological analysis. Only meat without extensive necrosis, inflammation, and myopathies is acceptable. In the present study, several changes were observed in the pectoral and thigh muscles of capons and cockerels during fattening. Frequently, there was focal necrosis of fibers with infiltration of lymphoid cells and infiltration of lymphoid cells between fibers. Necrosis of fibers with degeneration and infiltration of T lymphocytes was diagnosed by Mazzoni et al. (2015) . These authors observed lesions in the pectoralis major muscles of heavy male broilers similar to those found in our research, but they observed lesions that were more extensive and diffuse. In the present study, the amount of focal necrosis of the fibers of the pectoral muscles was equal in capons and in cockerels but was higher than in Greenleg Partridge pectoral muscles fibers . In thigh muscles, differences in the amount of fiber necrosis were observed between cockerels and capons, with higher values in cockerels. Fewer necrotic fibers were found in Greenleg Partridges , suggesting that Leghorn birds are more predisposed to fiber necrosis than are Greenleg Partridges. Infiltration of lymphoid cells occurred more often in pectoral muscles than in thigh muscles, with similar numbers in cockerels and capons. Opposite findings were noted in the Greenleg Partridge, with fewer cases of these lesions in pectoral muscles . The inflammatory response is activated even with minimal damage to fibers. Focal necrosis initiates the inflammatory reactions that result in lesions (MacRae et al., 2006; Kuttappan et al., 2013) . The pathophysiology of lesion development in the muscles of fast-growing birds is related to low capillary density and the consequent reduction in oxygen supply (MacRae et al., 2006) . The other diagnosed lesions, such as segmental defragmentation of the fibers, accumulation of adipose tissue with muscle atrophy, loss of cross striations, and proliferation of connective tissue around vessels, represent minimal changes and do not play any particular role in meat quality. However, the present study showed more of those lesions than have been found in Greenleg Partridges . Additionally, a similar amount of FMD in capons and cockerels was observed, but FMD did not cause any circulatory disturbances. FMD is an idiopathic, noninflammatory, nonatherosclerotic disease of arteries and veins in which the lumen is obstructed by a plug originating from the media of the vessel (Gesek et al., 2013a) . In Greenleg Partridges, a similar observation was made , as well as in broiler chickens (Gesek et al., 2013b (Gesek et al., , 2015 and Japanese quails (Gesek et al., 2016) . Histological analysis of muscle tissue proved that meat from laying-type capons and cockerels (Leghorn) was less burdened with lesions and had a focal character, in contrast to meat from meat-type broilers (Mazzoni et al., 2015) . Pectoral and thigh meat with a few cases of focal necrosis is safer for consumers than for meat from heavy broilers with extensive fiber necrotic areas and myopathies (MacRae et al., 2006; Mazzoni et al., 2015) .
Measurements of the lipids in examined tissues can help enhance the value of capon meat. In general, an increased fat content improves the sensory values of the meat, and a high fat concentration is needed for high-quality products (Calik et al., 2015; Amorim et al., 2016) . However, health-related reasons should be considered (Symeon et al., 2010) . Our observations revealed a higher lipid accumulation in thigh muscles and pectoral muscles of capon than in those of cockerels. The available literature concerns the chemical composition of pectoral and thigh muscles in caponized birds. The present study used an established three-point scale to analyze lipid localization and accumulation (Gesek et al., unpublished) . This analysis can precisely show the level of fat accumulation at specific locations. Our observations revealed an area around the vessels where the fat accumulation was highest, with no differences Table 2 . Accumulation of adipose tissue in the pectoral and thigh muscles of cockerels and capons after various times of fattening. according to age or between capons and cockerels and with a higher intensity in thigh muscles than in pectoral muscles. The intensity of fat accumulation around the vessels was similar in the capon and cockerel pectoral and thigh muscles. In other locations (in the perimysium between fascicles, in the endomysium between fibers, and in the sarcoplasm of the fibers), only minimal findings were noted in the pectoral muscles at 12, 16, 20, and 24 wk of age, and the pectoral muscles of capons at only 28 wk of age showed higher lipid contents than were observed in cockerels. Earlier studies utilizing chemical analysis of pectoral muscles made various observations. In Greenleg Partridges, the authors did not observe any differences in fat composition in the pectoral muscles between capons and cockerels (Calik et al., 2015) . However, Kwiecień et al. (2015) reported different data for Greenleg Partridges, which showed a higher fat content in pectoral muscles in capons than in cockerels. In other birds, researchers have also observed a higher content of intramuscular fat in pectoral muscles, for example, in Amarela Portuguesa and native Pedres Portuguesa capons compared to roosters (2.23 and 1.97%, respectively) (Amorim et al., 2016) . Similarly, Beijing-You capons have significantly more intramuscular fat than controls (Cui et al., 2017) . The same method of fat localization was used in Greenleg Partridges , and the present study (with Leghorns) showed a higher fat accumulation in pectoral muscles of capons at 24 and 28 wk in the area around vessels. At other locations in 28-wk-old birds, higher fat content between Leghorn capons and Greenleg Partridge capons was visible. Thus, our present research confirmed a higher degree of fat accumulation in pectoral muscles in Leghorn capons than in Greenleg Partridge capons.
In thigh muscles at 12, 16, 20 and 24 wk of age, similar moderate and high lipid concentrations were observed around the vessels in capons and cockerels, but at 28 wk of age, higher concentrations of lipids were observed in capons. Similar results were observed for the thigh muscle perimysium between fascicles and at 28 wk of age; lower concentrations were noted in cockerels. Differences between capons and cockerels in lipid accumulation within the endomysium between fibers were visible at 12, 24, and 28 wk of age. In the sarcoplasm of the muscle fibers, fat accumulation was more intense in capons. It was visible during the entire fattening period, especially at 16, 20, and 28 wk of age. In summary, higher and more intense fat accumulation was noted in capons at all examined locations and during the entire fattening period. Earlier research on chemical composition and lipid accumulation supports those observations; in medium-growing capons, both Symeon et al. (2010) and Sinanoglou et al. (2011) reported significantly higher fat contents in thigh muscles than those in control cockerels. In Greenleg Partridges, the fat content of thigh muscles was significantly higher in capons, reaching a level 3 times higher than that in cockerels (Kwiecień et al., 2015) . However, in native Amarela Portuguesa and native Pedres Portuguesa, Amorim et al. (2016) found that in leg muscles, there was no difference in intramuscular fat between capons and roosters (5.91 and 5.38%, respectively). When we used a three-point scale as a tool, we observed a difference between Leghorn capons and cockerels and Greenleg Partridges (capons and cockerels) when the same scale was used. In the area around vessels, where the differences were most prominent, the accumulation of fat was higher in Leghorns during the entire fattening period than in Greenleg Partridges .
In the perimysium between fascicles in thigh muscles, differences were not visible between these two bird lines . In the endomysium between fibers, when these two bird lines were evaluated, differences were observed at 12, 16, 24, and 28 wk of age, and more Leghorn birds with higher levels of fat accumulation were noted . The same tendency was noted in the sarcoplasm of muscle fibers, with more birds in the Leghorn line than Greenleg Partridges showing fat accumulation .
In general, the thigh muscles of capons exhibited higher and more intense levels of fat accumulation than did cockerels at all time points. Additionally, Leghorn cockerel and capon thigh muscles had a higher and more intense level of fat than did the muscles of Greenleg Partridges . Another criterion related to improving the quality of meat is muscle fiber diameter. It has already been proven that lower levels of testosterone influence the diameter of muscle fibers. Lin and Hsu (2002) observed that smaller diameters of pectoral muscle fibers in 28-wk-old Taiwan country chicken capons were associated with lower plasma concentrations of testosterone (48.30 vs. 314.04 pg/ml) than those in intact birds. These results are similar to ours, where differences were found only at the 28th wk of fattening. Calik et al. (2015) examined Greenleg Partridges and observed results similar to ours: smaller fiber diameters but in younger birds (24-wk-old capons). In Greenleg Partridge capons, differences in muscle fibers occur at 20, 24, and 28 wk of fattening . In the present study, these differences were observed only at the 28th wk. Smaller pectoral muscle fiber diameters were noted in Beijing-You capons at 17 wk of age, along with a higher fiber density (Cui et al., 2017) . Interestingly, we found differences in muscle fiber diameters in both groups (capons and cockerels) during the fattening period. The diameters in both groups still increased over time. Studies in Greenleg Partridges showed that fiber diameters in 24-wk-old and 28-wkold capons and cockerels did not increase, indicating that the growth of the fibers was arrested . The present study provides new information on Leghorn pectoral muscle development. Significantly larger giant fibers were observed in capons only at the 16th wk. In Greenleg Partridge capons, a higher diameter at 24 and 28 wk of fattening was observed . The diameters of the giant fibers increased throughout the experiment, and differences were found between both groups in all examined periods. Therefore, Leghorn pectoral giant fibers are similar to other muscle fibers and continue to increase in diameter. Fiber diameter is one of the indicators of meat quality. Smaller fiber diameters associated with a higher fat content, according to Lin and Hsu (2002) , are responsible for reduced meat toughness (increased tenderness) and increased quality. Our results showed smaller fiber diameters only at the 28th wk, and further studies are needed, including sensory analysis and additional evaluations of fat accumulation and fiber diameter, to determine the relationship among the results of these three analyses.
Analysis of fiber type in Leghorn pectoralis major revealed that all fibers were type IIB. In Padovana and Berlanda native breeds, almost all pectoral muscle fibers were type IIB (Verdiglione and Cassandro, 2013) , which is similar to our observations. In Thai native breeds, 82.2 and 95.0% of the fibers were type IIB (Jaturasitha et al., 2008) . In the research of Smith and Fletcher (1988) , the muscles of broilers, roosters, and hens did not show any differences in fiber type according to age, sex, or location.
CONCLUSION
Differences between capons and cockerels in the localization and accumulation of fat in the pectoral and thigh muscles were found, as were differences in the diameters of the fibers in the pectoral muscle and in the numbers of the birds with focal necrosis in muscle fibers in thigh muscles. Histopathological examination revealed only focal lesions, which were not extensive and diffuse, as in meat-type broilers available on the market. According to the accumulation and localization of fat in the skeletal muscles, from 12 wk of age, laying-type cockerels (Leghorn) could be used in capon production. The greater lipid accumulation and smaller fiber diameters observed in capons have beneficial effects on improving taste properties and are crucial for consumers seeking better-tasting products. As potential valuable meat, capon meat is not widely distributed on the market due to the high cost of production (purchase of cockerels, long production period, and high castration costs) and is treated as an exclusive dish. The distribution has a local character, and only native breeds are available. The general/common availability of oneday-old unwanted laying-type cockerels can lower the cost of capon production and make capons meat more popular.
